Acute and chronic pollution of environments with crude oil does not bode well for biota living within the vicinity of polluted environments. This is due to environmental and public health concerns on the negative impact of crude oil pollution on living organisms. Enhancing microbial activities by adding nutrients and other amendments had proved effective in pollutant removal during bioremediation. This study was carried out to determine how microbial group respond during remediation by enhanced natural attenuation (RENA) during a field-scale bioremediation. Crude oil-polluted soil samples were collected (before, during, and after remediation) from a site undergoing remediation by enhanced natural attenuation (RENA) at Ikarama Community, Bayelsa State, Nigeria, and were analyzed for total petroleum hydrocarbon (TPH), polyaromatic hydrocarbon (PAH), and a shift in microbial community. The gas chromatography-flame ionization detector (GC-FID) results showed that the pollutant concentrations (TPH and PAH) reduced by 98 and 85%, respectively, after the remediation. Culturable hydrocarbon utilizing bacteria (CHUB) was highest (8.3 9 10 4 cfu/g) for sample collected during the remediation studies, whilst sample collected after remediation had low CHUB (6.1 9 10 4 cfu/g) compared to that collected before remediation (7.7 9 10 4 cfu/g). Analysis of 16S rRNA of the isolated CHUB showed they belonged to eight bacterial genera namely: Achromobacter, Alcaligenes, Azospirillus, Bacillus, Lysinibacillus, Ochrobactrum, Proteus, and Pusillimonas, with Alcaligenes as the dominant genus. In this study, it was observed that the bacterial community shifted from mixed group (Gram-positive and -negative) before and during the remediation, to only the latter group after the remediation studies. The betaproteobacteria groups were the dominant isolated bacterial phylotype. This study showed that RENA is an effective method of reducing pollutant concentration in crude oil-polluted sites, and could be applied to other polluted sites in the Niger Delta region of Nigeria to mitigate the devastating effects of crude oil pollution.
Introduction
Pollution of environments (air, land and water) has been of concern to the society, especially in developing countries witnessing tremendous and rapid industrialization. One of the classes of pollutants that posses an imminent danger is hydrocarbons. In this class of pollutant, the polyaromatics are more environmental and public health concerns due to their carcinogenic, mutagenic, recalcitrant, and other detrimental effects on living organisms (Erdogmus et al. 2015) . Pollution with crude oil can occur either by natural or artificial means. Accidental discharge and spillage during crude oil exploration are the major cause of the former, whilst the causes of the latter are vast ranging from emission from exhausts, indiscriminate discharge of used crude product(s) emanating from automobile repair and construction sites into surrounding water bodies and land. Vandalization of oil pipelines and illegal bunkering are the leading cause of anthropological crude oil pollution in developing countries. To reclaim crude oil-polluted sites, attention has been drawn to bioremediation owing to its eco-friendly, non-invasive, and cost-effective features (Adebusoye et al. 2007; Chikere et al. 2011; Silva-Castro et al. 2015; Dados et al. 2015; Nwogu et al. 2015) . However, for a successful bioremediation to be achieved, environmental (abiotic) and biotic factors that might hinder the rate of bioremediation are given major considerations. Microorganisms are known to play vital role in bioremediation. Some may degrade pollutants by utilizing them as carbon source, while others may transform or immobilize pollutant, thus reducing the concentration to a less harmful state. With regards to microbial population in a polluted environment, there are two major approaches to improve microbial activities on pollutant utilization as carbon source: bioaugmentation and biostimulation (Azubuike et al. 2016) . Despite the limitations of bioaugmentation (Megharaj et al. 2011; Gao et al. 2014; Shahi et al. 2016) , it can be used to remediate sites polluted with recalcitrant pollutants (Philp and Atlas 2005) . Nevertheless, biostimulation is a more cost-effective and practical approach to bioremediation (Simpanen et al. 2016 ). Remediation by enhanced natural attenuation (RENA), which involves improving nutrient, aeration, and moisture content is a good example of land farming in situ bioremediation approach, which have recorded many successes towards pollutant removal (Okukoya and Lambert 2015) . Thus, different organic and inorganic substrates have been used as biostimulants to expedite bioremediation process during RENA. However, most of the reductions in pollutant concentrations with such biostimulants were obtained during small-scale studies. Lack of access to polluted sites and cost of field-scale bioremediation contribute to difficultly in replicating lab-scale experiment at field-scale level. Further, pollutant inhomogeneity coupled with changes in climate contributes to variability in results obtained during fieldscale bioremediation (Garg et al. 2016 ). This makes it difficult to directly compare the results of lab-scale with that of field-scale bioremediation studies (Simpanen et al. 2016 ). This study was carried out to determine bacterial community shift and the efficacy of RENA towards pollutant removal during field-scale bioremediation project at Okodia-Rumuekpe, Ikarama Community, Yenagoa, Bayelsa State, Nigeria.
Materials and methods

Site description and sample collection
The soil samples used in this study were collected from a polluted site at Okodia-Rumuekpe, Ikarama Community, Yenagoa, Bayelsa State, Nigeria; a site undergoing fieldscale remediation by enhanced natural attenuation (RENA). Accordingly, the observed treatments made to the polluted site were nutrient addition (nitrogen, phosphorus and potassium at ratio of 2:1:1), tilling, irrigation, and intermittent turning (windrow construction and breakdown) to ensure uniform aeration. The global positioning system (GPS) coordinates of the site are: Northing (05°08 1 07.3) and Easting (006°28 1 07.5). At every sampling interval (3 weeks), samples were collected at depth of 0-15 and 0-30 cm from different points and pooled to obtain composite sample, which were used for further analyses. The polluted site was monitored pre (before), during, and post (after) remediation. The control soil sample (control) was collected 100 m away from the polluted area undergoing RENA. Samples were aseptically transported to Microbiology laboratory and preserved as described (Sojinu et al. 2010) . Media used for the analyses were of analytical grade and were obtained from Sigma-Aldrich, United States.
Determination of physicochemical parameters and oil chemistry
Parameters such as total organic carbon (TOC), nitrogen, pH, conductivity, and phosphorus contents were determined using the methods described in APHA (2008) . Total hydrocarbon, total petroleum, and aromatic hydrocarbons (TPH and PAH, respectively) contents were determined using gas chromatography-flame ionization detector as described (USEPA 2001; ASTM 2010) .
Enumeration of culturable heterotrophic and hydrocarbon utilizing bacteria
The total culturable heterotrophic bacterial (TCHB) counts were determined using plate count agar (PCA) as described by Chikere and Ekwuabu (2014) . Soil suspensions were prepared by a tenfold serial dilution of 1 g of soil in 9 mL sterile normal saline (0.85% NaCl w/v in distilled water). An aliquot of 0.1 mL serially diluted sample was transferred to prepared PCA plates, and spread evenly. The inoculated PCA plates were incubated at 37°C for 24 h. Culturable hydrocarbon utilizing bacteria (CHUB) were enumerated as described (Hamamura et al. 2006; Nwogu et al. 2015) using Bushnell-Haas (mineral salt) agar with Okono medium crude oil as a carbon source. The cultured plates were incubated at 37°C for 7 days or more, until visible colonies appeared. Following incubation, CHUB isolates were sub-cultured, and preliminary identification was carried out based on their morphological and biochemical characteristics with reference to Holt et al. (1994) .
Hydrocarbon degradation screening
Representative hydrocarbon utilizing bacteria isolates were subjected to further screening for oil degradation capabilities. Briefly, a loopful of 18 h old culture of each CHUB was transferred into 9 mL physiological saline and incubated for 4-6 h to achieve 0.5 McFarland standards, which measures a cell concentration 1.0 9 10 8 cfu/mL, and was subsequently transferred into Bushnell-Haas broth containing 1% (v/v) crude oil. Biodegradation was scored by turbidity, emulsification of oil in Bushnell-Haas broth, and optical density measurement using spectrophotometer after 21-day incubation at 37°C (Peressutti et al. 2003; Chikere and Ekwuabu 2014) .
Microbial community analysis
Bacterial isolates that showed positive for crude oil degradation were transferred to 5 mL tube containing Lauria Bertani (LB) broth and incubated at 37°C for 24 h. Following this, genomic DNAs were extracted using Zymo Research Bacterial DNA MiniPrep Kit according to manufacturer's instruction. Extracted DNAs were quantified using a Thermo Scientific Nanodrop (ND) 1000 spectrophotometer and were analyzed by gel electrophoresis. Subsequently, purified extracted DNAs were amplified using a 16S rRNA eubacterial universal primer set, 27F (5 0 AGAGTTTGATCMTGGCTCA G3 0 ) and 1492R (5 0 TACGGYTACCTTGTTACGACTT3 (Jiang et al. 2006; da Silva et al. 2013 ). The total PCR mixture was 25 lL and contained the followings: Zymo Master Mix TM (12.5 lL), forward and reverse primer (0.8 lL each), DNA template (5 lL), and sterile PCR water (5.9 lL). The reaction was carried in a thermal cycler as follows: initial denaturation temperature of 95°C for 5 min, denaturation at 95°C for 30 s, annealing at 52°C for 30 s, extension at 72°C for 45 s, and final extension at 72°C for 3 min. Following the thermal cycling reaction, 10 lL of each amplicon was analyzed by electrophoresis using 1% (w/v) agarose gel prepared in Tris-borate-EDTA (TBE) buffer. The gels were visualized using UV Trans-illuminator.
Furthermore, amplicons were sequenced using chain termination method of Sanger with a 3500 ABI genetic analyzer. The sequences generated were visualized using the software Chromaslite followed by base calling. BioEdit was used for sequence editing prior to nucleotides search for similarities at basic local alignment search tool (BLAST-N) of the National Center for Biotechnology Information (NCBI) database.
Statistical analyses
One-way analysis of variance (ANOVA) and multiple comparison tests (posthoc) were used to determine level of significance of the data generated in this study. The analysis was carried out using Statistical Package for Social Science (SPSS) Version 20.0. Descriptive statistics such as mean, standard deviation, and standard error of means were carried out. Further, post hoc was performed at 5% significant difference level (P = 0.05) in other to access significant changes in the measured variables.
Results
Determination of physicochemical parameters and oil chemistry
Crude oil-polluted soil samples were collected from Ikarama, a site undergoing remediation by enhanced natural attenuation (RENA) and were analyzed for reduction in pollutant concentration, and corresponding shift in microbial population pre, during, and post remediation. The baseline analyses show that the site ( Supplementary  Information, Fig. 1S ) was indeed polluted with heavy fractions of hydrocarbons, with initial total petroleum hydrocarbons (TPH) and polyaromtic hydrocarbons (PAHs) contents of 16,618 and 1017 mg/kg, respectively. The control soil sample had TPHs and PAHs contents of 277 and 7.30 mg/kg, respectively. It was clear from the baseline analyses that total phosphorus content was higher than nitrogen content for both polluted and control sites. Nitrogen content was higher for polluted site compared to control site, whilst phosphorus content was higher for unpolluted site as compared to polluted site (Table 1) . Composite soil sample collected after the remediation showed drastic reduction in the concentrations of TPHs and PAHs, 98 and 85%, respectively ( Fig. 1) . Interestingly, 96% of the reduction was obtained for TPHs, and 84.7% for PAHs during the remediation. Three-ringed aromatic compounds were the dominant PAHs detected (46.76%), followed by 4-ringed (32.11%), and 5-ringed (12.53%). Two-ringed aromatic hydrocaron, naphthalene, constituted the lowest proportion (0.19%) of detected PAHs in the polluted sample before RENA was initiated. The remaining percentages: 8.2 and 0.2% were for 7-ringed Indeno [1,2,3c,d] perylene and 6-ringed Benzo[ghi] perylene PAHs, respectively. Furthermore, amongst the PAHs detected in the polluted samples before remediation, dibenz[g,h,i]anthracene, ideno[1,2,3-c,d]perylene, and benzo[g,h,i]perylene were not detected during, and after the remediation. Benz[a]anthracene and chrysene were reduced by 76.3 and 79.5%, respectively, during the remediation. However, they were not detected in the sample taken after the RENA (Fig. 2) . In the pre-sample for PAHs, fluorene had the highest concentration, 133.9 mg/kg, followed by anthracene, 132.5 mg/kg, and the lowest/detectable concentration, 1.9 mk/kg was recorded for naphthalene.
Enumeration of culturable heterotrophic and hydrocarbon utilizing bacteria
The total culturable heterotrophic bacteria (TCHB) and culturable hydrocarbon utilizing bacteria (CHUB) were obtained pre, during, and after the remediation. The crude oil-polluted soil before RENA treatment had the highest TCHB, with a count of 8.6 9 10 4 cfu/g followed by that of control sample, 8.4 9 10 4 cfu/g whereas the lowest count, 5.4 9 10 4 cfu/g was obtained from the sample collected during the RENA. In contrast, CHUB for polluted sample collected during the remediation recorded highest microbial count, 8.3 9 10 4 cfu/g. As expected, the lowest CHUB count, 3.3 9 10 4 cfu/g was recorded for the control sample ( Fig. 3 ). There was no significant difference (P = 0.07) in TCHB across all the different samples, both polluted and control. Nevertheless, there was significant difference (P \ 0.05) in CHUB obtained in this study.
Hydrocarbon degradation screening
The hydrocarbon utilizing bacteria isolated by vapor phase transfer technique were subjected to hydrocarbon degradation screening in a mineral salt medium containing 1% (v/v) Okono medium crude oil. Each isolate was allowed to grow for 21 days, and turbidity was measured using a spectrophotometer at every 7-day interval. Out of the thirteen isolates from control sample, two showed crude oil degradability capability, with gradual increase in turbidity from day 0 through to day 21 (Fig. 4a ). Amongst the 11 from polluted sample before remediation, 5 showed positive for crude oil degradation, whilst those from sample during remediation were seven positive isolates (Fig. 4b,  c ). In addition, seven out of ten isolates from sample after remediation were positive for crude oil degradation ( Fig. 4d) . Interestingly, only two of the positive isolates (BR1 and DR9) had optical densities \0.8 at 600 nm. Meanwhile, the highest optical density (1.60) was recorded for isolate AR10 from sample after remediation. Generally, isolates from sample after remediation had higher optical densities compared to others from the control, pre, and during RENA. Furthermore, one-way analysis of variance (ANOVA) and multiple comparison tests (posthoc) showed significant difference (P \ 0.05) in hydrocarbon utilization (based on optical density readings) during day 7, 14, and 21 of the degradation screening for all the samples. Nevertheless, at day-0, there was no significant difference (P = 0.426) in optical density readings for all the isolates obtained from all the samples sources.
Microbial community analysis
The 21 bacterial isolates which utilized crude oil as sole carbon source as evidenced by the hydrocarbon degradation screening were used for further studies. DNA extraction was successfully carried out on each isolates ( Supplementary Information, Figure S2 ) and the extracted DNAs were amplified using a set of universal primer. Sequence amplification was successful for 19 of the isolates except BR1 and DR9, which were not successfully amplified. Therefore, the 19 isolates were further subjected to sequencing with Sanger method. All of the isolates were successfully sequenced and each sequence was matched with the closest sequence in the National Centre for Biotechnology Information (NCBI) GeneBank using basic local alignment search tool (BLAST). The identity of the isolated bacterial species covered 8 genera: Achromobacter, Alcaligenes, Azospirillum, Bacillus, Lysinibacillus, Ochrobactrum, Proteus, and Pusillimonas (Table 2) . Amongst the genera, two (Bacillus and Lysinibacillus)
were Gram-positive; others were Gram-negative. Both Gram-positive and betaproteobacteria were isolated from the control sample. The soil sample collected pre (before) RENA was initiated, had 50% Gram-positive and 50% cproteobacteria. On the other hand, sample during remediation had alpha, beta, and Gram-positive bacterial population. At the end of the remediation, it became apparent that only Gram-negative bacteria were isolated amongst which 86% were betaproteobacteria, and 14% were gammaproteobacteria. In general, it was observed that the bacterial population in this study shifted from both Grampositive and negative groups during the remediation, to only the latter group after the RENA. More so, very few betaproteobacteria were isolated during the remediation, but this group dominated after the remediation when pollutant concentration appeared to have been reduced to an innocuous state.
Discussion
In this study, the effect of remediation by enhanced natural attenuation (RENA) on autochthonous bacterial population was monitored pre (before), during, and after RENA process. The processes in the RENA treatment were: nutrient addition (inorganic fertilizer), tilling, irrigation, and periodic turning to ensure uniform aeration. The polluted soil sample used in this study was obtained from a crude oil-impacted site undergoing RENA at Ikarama, Bayelsa State, Nigeria. The high phosphorus contents for both polluted and control sites compared to nitrogen was attributed to the nature of the sites. The sites have not witnessed agricultural activities in the past few decades, as it is a crude oil pipeline trajectory, which is prohibited of any activity. However, in the polluted site, the difference was not as much as it was for the control (Table 1 ). This might be as a result of gradual utilization of phosphorus by resident microbes present in the polluted site, for degradation of the pollutant. This observation was in contrast to two-times phosphorus difference in the control site, which was attributable to less degradation and microbial activities. Phosphorus has been reported as essential element for maintaining vitality in living organisms owing to its energy storage and processing of genetic information (Elser 2012) . The reduction in both total petroleum hydrocarbons (TPHs) and polyaromatic hydrocarbons (PAHs) concentrations were attributed to the RENA treatments. Addition of inorganic fertilizer as a biostimulant has been reported to increase microbial activities in polluted environments and resulted in increase pollutant removal rate (Belochini et al. 2010; Teng et al. 2010; Kauppi et al. 2011; Agarry and Ogunleye 2012; Silva-Castro et al. 2013 . It has been reported that aeration by tillage and appropriate moisture content are sufficient to stimulate microbial activities during bioremediation in some soils (Silva-Castro et al. 2015) . This could account for the enhanced pollutant removal, TPHs (96%) and PAHs (84.7%) observed for sample collected during this study as opposed to that collected before the study commenced. The lowest PAH detection recorded for naphthalene was as a result of its low molecular weight (LWM) nature, which contributed to volatilization in the environment shortly after pollution. In contrast, the high molecular weight (HMW) nature, high hydrophobicity, and low transport potential of 4-5 ringed PAH members (Kuppusamy et al. 2016 ) could have contributed to persistence of these PAHs group during and after the remediation as observed in this RENA studies. Nevertheless, the inability to detect some 4-ringed PAHs (benz[a]anthracene and chrysene) after the remediation could be as a result of complete degradation and mineralization given the rapid reductions in concentrations (76.3 and 79.5%, respectively) of these constituents within few weeks of the RENA. Similarly, the failure to detect 5-7 ringed PAHs during the remediation was also attributable to degradation and mineralization. Thus, it was possible that the RENA treatment encouraged co-metabolism within the native PAH degraders present in the polluted site. A functional metagenomic study by Zafra et al. (2016) reported a faster PAH removal ascribable to microbial co-metabolism. Notwithstanding, pollutant non-bioavailability due to less solubility and decreased mass transfer especially for PAHs, which increases with increased molecular weight (Fuentes et al. 2014 ) could also be accountable for the lack of detection of heavier PAH fractions during and after the remediation. Bacterial isolates were obtained from control (UP) soil sample, polluted soil sample before (BR), during (DR), and after (AR) remediation by enhanced natural attenuation (RENA). The number after each two-letter code represent isolate code. The bacteria were group into two major groups; namely Gram-positive (?) and Gram-negative. The latter group was further sub-grouped into: alpha (a), beta (b), and gamma (c) proteobacteria Furthermore, it was plausible that some of the heavier PAHs were transformed and were not detected in their original forms. The high total culturable heterotrophic bacteria (TCHB) obtained for control sample was due to low concentration of pollutant (TPHs and PAHs), which in turn encouraged the proliferation of heterotrophs, and supported their growth and utilization of other organic carbons present in the control soil as source of energy. On the other hand, the low concentration of pollutant did not favor the growth of culturable hydrocarbon utilizing bacteria (CHUB) as a result, the control sample recorded the lowest CHUB count. The highest CHUB recorded for sample collected during the remediation was attributed to biostimulation of the polluted site with nutrients and other treatments, which favored, and stimulated the activities of hydrocarbonoclastic bacteria resulting in rapid pollutant degradation; similar observation has been reported (Onuoha 2013) . The reduced CHUB count obtained after the remediation was ascribed to reduction in pollutant concentration and nutrient depletion (Adebusoye et al. 2007; Shabir et al. 2008; Nwogu et al. 2015) . These two factors tended to encourage the re-establishment of TCHB in the site after the treatment as a result there was increased TCHB compared to that obtained during the remediation. Natural selection, biostimulation of indigenous oleophilic microbes, biogenic synthesis, natural seepage of hydrocarbon could account for the presence of CHUB even in the control soil ecosystems (Bissett et al. 2013; Macauley and Rees 2014; Liang et al. 2016) .
It was observed that not all the isolated CHUB were able to actively degrade crude oil during the degradation screening, despite the fact that same crude oil was used for their preliminary isolation. This observation might be due to the vapor phase transfer method used during the preliminary isolation. Thus, it was likely that impurities in agar, and the ability of agar to absorb nutrient resulted in the growth and isolation of non-crude oil degraders as CHUB (Chikere et al. 2011 ). In addition, not all hydrocarbon degraders, especially short and long chain alkane degraders can utilize hydrocarbons in the volatile state of vapor phase transfer method Shao 2012, 2013) . Therefore, degradation screening is an effective way of thinning out the numbers of non-crude oil degraders, which might have been regarded as hydrocarbon degraders due to biases originating from vapor phase transfer method (Hamamura et al. 2006) . Further, given that single CHUB isolate was subjected to the degradability screening with crude oil containing different hydrocarbon fractions as carbon source, it was likely that the CHUB, which did not show active crude oil degradation, were unable to utilize the hydrocarbons as carbon source when present as a mixture of different fractions. Apparently, it does not mean these particular CHUB do not posses degradation potentials. It has been reported that CHUB, which originally were able to degrade some crude oil fractions (petrol and engine oil) on separate occasions were unable to do so when both fractions were mixed (Shankar et al. 2014 ). More so, it has been reported that single bacteria species tended to exhibit limited hydrocarbon degradation compared to consortia, owing to wide system of degradative enzyme in the latter (Hassanshahian et al. 2014; Nkem et al. 2016) . It is not surprising that isolates from control sample were positive for hydrocarbon degradation. This was attributable to the residual fractions of both TPHs and PAHs detected in the sample, which continued to serve as carbon sources for the hydrocarbonoclastic bacteria (Bacillus cereus and Pusillimonas sp.) isolated from the unpolluted site. Similarly, Peressutti et al. (2003) isolated Bacillus brevis from control soil with 0.7% (w/w) hydrocarbon concentration. The high optical densities, and numbers of crude oil degrading bacteria obtained from samples during and after remediation in comparison to those from sample before remediation were also attributed to biostimulation by the RENA process. In addition, the innate ability of most of the identified positive hydrocarbon degrading genera ([70% Alcaligenes spp.) isolated from sample after remediation contributed to their high optical densities during the degradation screening. Members of Alcaligenes have been reported as versatile hydrocarbon degraders, which posse alkB gene that code for enzyme involved in hydrocarbon degradation (Peressutti et al. 2003; Martínez-Pascual et al. 2015) .
The predominance of Gram-negative bacteria, especially the betaproteobacteria phylotype after the remediation as observed in this study has also been reported (Bacosa et al. 2010; Martínez-Pascual et al. 2015) . These observations were based on the fact that most of the functionally diverse bacterial group falls with the proteobacteria phylum (Gupta 2000) . Similarly, Kuppusamy et al. (2016) in a pyrosequencing analysis of soils chronically polluted with PAHs and heavy metals observed that proteobacteria dominated amongst the operational phylogenic units (OPU). Further, Tauler et al. (2016) also reported 80% proteobacteria phylum dominance during PAH-remediation studies in an enriched soil consortium. Nutrient addition during the RENA process stimulated these bacterial groups (Gram-negative), and boost their competitive advantage (Shahi et al. 2016 ) and metabolic capabilities (Peresutti et al. 2003 ) over other bacterial communities in soil polluted with hydrocarbons. This resulted in a shift from mixed population of Gram-positive and negative bacteria to only Gram-negative bacteria at the end of the RENA treatment. In this study, both Grampositive and -negative bacteria were isolated at same frequency (50%) from sample collected before and during remediation. Recently, Bastida et al. (2016) reported that the resistance mechanism of Gram-negative bacteria to hydrocarbon was attributed to membrane modification (variations in membrane fluidity), whilst that of Grampositive was likely due to changes in biomass. Similarly, Lazaroaie (2010) attributed the ability of Gram-negative bacteria group to withstand pollutant in soil, especially PAH, to cell wall composition of this bacterial group. The isolation of alphaproteobacteria particularly Ochobactrum sp. only during the remediation was ascribed to the PAH degrading ability and bioemulsifier production capability of the genera (Calvo et al. 2008; Wu et al. 2009; Arulazhagan and Vasudevan 2011) , which likely contributed to enhanced pollutant solubility and degradation during the RENA process. In general, other factors such as co-metabolism, syntrophism, mutualism, and antagonism might also be responsible for microbial community changes observed in this study, as these factors have all been reported by several researchers (Morris et al. 2013; Bissett et al. 2013; Dolfing 2013; Luo et al. 2014; Tiantian et al. 2015) to induce shifts in microbial community structure following anthropogenic disturbances.
Conclusion
This study showed that remediation by enhanced natural attenuation (RENA) is an effective means of reducing pollutant (hydrocarbon) concentration especially in the Niger Delta region of Nigeria, which is facing acute and chronic crude oil pollution of environments (soil and water bodies). In this study, it was observed that microbial population shifted from Gram-negative (alphaproteobacteria, and betaproteobacteria) and Gram-positive bacteria during the remediation process to only Gram-negative phylotype (gammaproteobacteria and betaproteobacteria) after the remediation studies.
